Abstract. We evaluated effects of larch plantations on understory plant diversity by conducting large-area investigations on three types of tree stands, including pure larch plantations (Larix kaempferi, an exotic coniferous deciduous tree species), pure liriodendron plantations (Liriodendron chinense, a native broad-leaved deciduous tree species) and mixed stands (L. kaempferi and L. chinense) in a subtropical forest. A total of 19 plantation areas, 684 quardrats, and 10 environmental factors [elevation, slope, ratio of light availability (RLA), soil pH, soil water content (SWC), soil organic matter (SOM), soil total nitrogen (STN), soil total phosphorus (STP), soil total potassium (STK)] were surveyed. Species richness and Shannon's diversity were statistically similar in the three types of tree stands but Shannon's diversity was somewhat higher in mixed plantations. Environmental conditions were similar in the three types of tree stands (P﹥0.05). Species richness and Shannon's diversity increased with increasing elevation and understory light availability (P<0.05). Canonical Correspondence Analysis (CCA) showed that distribution of shrubs was determined by elevation, while herb distribution was related primarily to soil fertility followed by elevation. Based on the unchanged environmental conditions after establishment of larch plantations, we conclude that larch plantations had balancing effect on understory plant diversity.
Introduction
In recent decades, fast-growing tree species, such as eucalyptus (Gerber, 2011) , rubber (Tan et al., 2011) , poplar (Weih et al., 2003) , and larch (Yu et al., 2006) , have been used widely in forestation or reforestation to meet increasing demand for industrial timber and pulp. These tree species are often exotic and have a wider environmental adaptability than native trees (Turnbull, 1999) . Therefore large-scale fast-growing tree plantations have provoked increasing concerns regarding their negative effects on plant diversity (Weih et al., 2003; Morris et al., 2008) . Fast-growing tree plantations had lower plant diversity than crop lands (Weih et al., 2003; Britt et al., 2007) but greater species richness than abandoned fields (Lee et al., 2005 ; Boothroyd-Roberts et al., 2013). Tree plantations appear to have varied effects on understory plant diversity (Boothroyd-Roberts et al., 2013). To date, the extent to which understory plant diversity is affected by fast-growing tree plantations is still unclear.
Environmental change resulting from tree plantation has been recognized as a key factor driving the variation in understory plant diversity (Franklin and story light availability and this might be the main reason for low plant diversity (Meers et al., 2010) . Fast-growing tree plantations can result in low soil water content due to higher overstory transpiration rates and leading to low densities of hygrophytes (Boothroyd-Roberts et al., 2013; Li et al., 2014a) . Additionally, change in soil fertility after tree plantation also affects understory plant diversity (Černý et al., 2013; Lima and Vieira, 2013) . Low concentrations of organic matter and nutrients were the main reasons for low species richness in eucalypt plantations (Bargali et al., 1993) . These environmental factors are recognized to be closely correlated with plant diversity. However, unlike in plains ecosystems, topography, such as elevation and slope, are important factors explaining variation of plant diversity in mountainous terrain . Links between environmental variables and plant diversity are relatively complicated in alpine forest. Larix kaempferi, a fast-growing coniferous tree species, was introduced in the 1900s, to China from Japan. Due to its higher productivity than native trees, this species was extensively planted in the middle-high mountain areas in southern China. In the past 30 years, larches became the dominant coniferous tree species in forestation or reforestation in Hubei Province, raising concerns regarding the effects on plant diversity (Yu et al., 2006) . However, some studies even showed that larches had greater species richness than broad-leaved tree species (Nagaike, 2002) . It seems that larch plantations have balancing effect on understory plant diversity. Therefore we conducted a large-area investigation on three types of forest stands, viz. pure larch plantations (L. kaempferi), pure liriodendron plantations (Liriodendron chinense, a native broad-leaved deciduous tree species) and mixed stands (L. kaempferi and L. chinense), to test the effects of larch plantations on understory plant diversity.
Materials and methods

Study site
Our study was conducted in western Hubei Province, China. The site is characterized by a northern subtropical monsoon climate, with average annual temperature of 9-11°C, frost-free days of 170-203 d, annual precipitation of 1,400-1,800 mm, and average humidity of 80-85% (Cai, 2000; Lu and Chang, 2003) . Since the 1960s, larch (L. kaempferi) was planted extensively at this site due to its faster growth than native trees. Before establishment of these larch plantations, the dominant tree in these forests was Liriodendron chinense.
Field investigation
In September 2012, three stand types were chosen for this study: two pure stands (L. kaempferi, L. chinense) and one mixed stand (L. kaempferi and L. chinense). The number of stands sampled in pure larch, pure liriodendron and mixed stands were 13, 3 and 3, respectively ( Table 1 ). In the middle of each stand, three plots (20 × 30 m) were chosen as replications. Stand density, tree height and diameter at breast height (DBH) were measured. Stand age was determined from plantation records. Slope was measured using a gradient meter (XYPD01, China). The latitude, longitude, elevation and aspect were recorded using a global positioning system (GPS). Two illuminometers were used for measuring light availability at 1 m above the ground surface, one inside the plots (L1) and another in an open field (L2). The ratio of light availability (RLA) was calculated as A nested sub-plot sampling design described by Avery and Burkhart (1983) was used to form sampling units to determine plant diversity. In each plot, 4 quadrats (2 × 2 m) in upper, middle and lower parts of slope were chosen for investigation. The total number of sampling quadrats in each plot was 12. The species name, number and coverage of each species at each sampling quadrat were recorded. Plant coverage was determined by visual estimate.
Soil fertility analysis
In each plot, soil in the upper 40 cm profile was sampled according to a 5-point sampling method (Pobel et al., 2011) and then immediately transported to laboratory for measurement. Six parameters, including pH, soil water content (SWC), soil organic matter (SOM), soil total nitrogen (STN), soil total phosphorus (STP), and soil total potassium (STK), were quantified. Soil pH was measured in solution with 1: 2.5 (w/v) of soil to distilled water using a Mettler Toledo Delta 320 pH Meter. SWC was measured using the classical method of drying and weighing (Dobriyal et al., 2012 (Bao, 1999) , NaOH fusion and colorimetric procedures (Olsen and Sommers, 1982) , and NaOH melting-flaming luminosity method (Chen et al., 2007) , respectively.
Data analysis
Understory plant diversity was quantified using species richness and Shannon's diversity index (H). Species richness was calculated as number of species per sampling quadrat (Magurran, 1998; Weih et al., 2003) . H was calculated according to the following equation (Magurran, 1998 ):
Where, H indicates Shannon's diversity index; N, species number; Pi, the proportion of species i relative to the total number of species.
Important Value Index (IV) was determined according to the equation (Misra, 1968 ):
Where IV i indicates the importance value index of the ith species; RD i , the relative density; RC i , relative coverage; RF i , relative frequency.
General linear model (GLM) of plant diversity, ratio of light availability, and soil fertility among three types of tree stands were analyzed at the 0.05 significance level. Homogeneity of variances was tested using Levene's test, and data were log 10 -transformed where necessary to reduce the heterogeneity of variances. The relationships between plant diversity (species number, Shannon's diversity) and 9 environmental variables (elevation, slope, RLA, pH, SWC, SOM, STN, STP, and STK) were analyzed by curve regression with R 2 and P values. All were performed using SPSS V17.0 (SPSS Inc., USA).
To explore the relationship between environmental variables and two growth forms (shrubs, herbs), a canonical correspondence analysis (CCA) was performed using the software CANOCO 4.5 (Microcomputer Power Ithaca, NY, USA). The vegetations data matrix consisted of the IV of species with frequency >5% and the environmental data matrix consisted of 9 environmental variables.
Results
Species number and Shannon's diversity
Species richness was similar for the three stand types (P>0.05, Table 2 ). Shannon's diversity was higher in mixed stands (1.91) than in pure liriodendron (1.44) or pure larch (1.17). It was clear those larches had no significant effects on species richness, but supported a greater Shannon's diversity in mixed stands. http 
Light availability and soil fertility
Understory light availability was similar in the three stand types (P>0.05, Table 2 ). Soil fertility (pH, water content, organic matter, total nitrogen, total phosphorus and total potassium) was also similar in the three stand types.
Regression between plant diversity and environmental variables
Species richness and Shannon's diversity increased with increasing elevation and light availability. All other environmental variables were unrelated to both indices (Fig. 1) . 
Canonical Correspondence Analysis (CCA) between environmental variables and plant species
For shrubs, species-environment correlation coefficient was 0.962 in the first axis and 0.900 in the second axis (Table 3, Fig. 2) . The first and second axes explained almost 28.2% and 20.7% of the variance of species-environment relationships. The first axis was negatively correlated with elevation (P<0.001). The second axis was not significantly correlated with any environmental variables. Species, such as Weigela japonica and Rubus corchorifolius, distributed at the left of Axis 2, were closely related to higher elevation. Other species, such as Chimonobambusa quadrangularis and Stauntonia chinensis, distributed at the right of Axis 2, were closely associated with lower elevation. For herbs, species-environment correlation coefficient was 0.950 in the first axis and 0.945 in the second axis (Table 3, Fig. 3 ). The first and second axes explained almost 
Discussion
Species richness and Shannon's diversity were similar in pure larch and pure liriodendron plantations, indicating that the effects of larch plantations on understory plant communities were similar to those of liriodendron plantations. This was different from the most previous results, which showed that fast-growing tree plantations could result in low plant diversity (Elek et Plants distribution was significantly associated with environmental variables . In this study, elevation was the most important factors for determining vegetation distribution, which was consistent with the previous studies (Aber and Melillo, 2001; Černý et al., 2013) . CCA results showed that most shrubs species distributed in the left of Axis 2, such as Lespedeza bicolor, and Rubus rosaefolius, suggesting that these species survive in habitats with relatively higher elevation. In addition to elevation, soil nutrition also played an important role in plant distribution (Hokkanen, 2006; Cao et al., 2009 ). Most herbs species located in the left of Axis 2, such as Carex tristachya, and Matteuccia orientalis, suggesting that these species usually lived in habitat with relatively lower organic matter and total nitrogen. Additionally, the responses of plant distribution to environmental variables were different between two growth forms: shrubs were determined by elevation, while herbs primarily by soil fertility, followed by elevation. Compared to shrubs, herbs distribution was easily affected by local environments (Bhattarai and As a fast-growing tree, larch plantations had balancing effect on understory plant diversity in the subtropical forest ecosystems, China. Studies even showed that larches increased species richness compared to Quercus crispula (Nagaike, 2002; Nagaike et al., 2006) . Balancing effect of larch plantations on understory plant diversity was due to the unchanged environment after establishment of larch plantations.
